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System Description

• Michelson interferometry between two Kecks and 4 outrigger
telescopes

– Phasing with adaptive optics and fast tip/tilt correction

– Cophasing with fringe detection/tracking and fast delay lines
– Laser metrology to monitor optical path for vibration control and

precision astrometry and cophasing

– Different modes for different science objectives; vary in

» Number of telescopes
» Type of combination: pair-wise, multi-way, nulling

» Science wavelength

» Cophasing source
• Science star at short wavelength

• Separate object in field (“off-axis”)
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Aerial View Looking West
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Functional Requirements

• Support 4 fundamental science observing modes

– Exozodi detection with nulling
– Two-color phase-difference planet detection

– 6-way imaging

– Astrometry
• Key design drivers

– Phasing and cophasing architecture

– Flexibility to accommodate multiple modes
– Nulling to detect 10 solar-system equivalent zodi

– Cophasing to K = 13
– Astrometry to 20 uas

– Astrometric sensitivity to K = 17

– Imaging sensitivity to K = 20
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Cophasing / Science Modes to be Supported
TYPE COPHASING

BASELINES
APPLICATION

2-way zodi, 2-color, faint parametric
imaging

2 x 2-way astrometry

4-way outrigger-only imaging

5-way 1 Keck + outrigger imaging

6-way 2 Keck + outrigger imaging
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Dual Object Interferometry

delay
line #1

delay
line #2

Beam Combiner #1

Metrology #1

Simultaneous fringe 
measurement of two stars 
for differential astrometry
and cophasing

Metrology references
the two beam combiners
to common fiducials 

Beam Combiner #2

field
separator

common
metrology
fiducial

Metrology #2
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Keck Interferometer Beam Train
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Keck Telescopes

• Both 10-m Kecks are
commissioned and
producing science
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Outrigger telescopes

• 4 1.8-m coude telescopes for
imaging with Kecks and astrometry

• 10-cm collimated output

• Important specifications
– Atmospheric-limited image

quality

– High throughput

– Stable pivot for astrometry
• PTI-like siderostats for initial testing
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Site Plan View

• 4 Outrigger telescopes
• 2 More outrigger pads (for

future expansion)
• Underground pipes for light

propagation to keck
basement

• Junction boxes under
outriggers and at corners
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Adaptive Optics

• NGS + LGS AO on K2

• Add new system for K1
• Feeds dual-star module

• Minor mods needed to
accommodate interferometry
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Tip/Tilt correction

• For outriggers, smaller aperture and infrared operation allow fast tip/tilt
correction only

• Sensor will be at end of beam train in interferometer

• Actuator will be active tertiary mirror on outrigger
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• Separate and track primary and
secondary stars for cophasing
and astrometry

• Output two collimated beams to
coude train

• DSM for Kecks slides in like
NIRSPEC

• DSM for outriggers on Nasmyth
or Coude

Dual-star module (DSM)

200cm EOS 
F/13 Nasmyth

F*

F*T*

T*

NASMYTH FOLD MIRROR

TO COUDE #5, 6, &7 
TO BEAM TUNNEL & BSL

FOV = 17.5 mm DIA 
(STEERABLE)

T*

NASMYTH FOLD MIRROR IS A BEAM SPLITTER 
SENDING VIS INTO FOV FINDER RE-IMAGER+CCD

240mm

AOM130M-150X210

AOM130M-150

F*
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DSM: Preliminary Design for Keck Nasmyth

Fig. 4.  Elevation view of the 2-m Dual Star Feed, DSF, on  
the Keck Adaptive Optics Bench, AOB.

24 Jan 97

DUAL STAR FEED

KECK AOB 

F*

T*

12-in NEWPORT

FOCUS
6500

1500 mm
NASMYTH FLOOR

305 mm

432 
(17 in)

88 mm FOV

COUDE HATCH

2080 mm

TO COUDE # 5
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Coude Train and Beam Transport

• Keck coude train needs to be completed
to bring light from DSM to base of
telescope (M7)

– Also need to derotate secondary beam

• Similar coude needed on outriggers
• Beam transport system routes light from

M7 to delay lines in interferometry lab

to Delay
Lines

1

2

3 4

5
6

7
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Delay Lines

• Two systems

– Long delay line
» Move and clamp system in coude tunnel

– Fast delay line

» Sidereal and fringe tracking in optics lab



18

KECK INTERFEROMETER

Long Delay Line : Location

A,B,E,F

C,D

K1,K2

45 m

49.8 m

8 m

Coudé Tunnel

BCL

K2 K1
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Beam Combining Lab

Fast Delay
Line

Stairs

KII
Control
Room

A/C Unit

Long Delay Line

10 µm Camera

Angle Tracker

1-5 µm Camera

2.2 µm Camera

Beam Compression

Input/
Output
Plane

Switchyard
components
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Switchyard and stimulus

• Switchyard:  accept 12 delayed
starlight beams and direct to beam
combiner for desired mode

• Stimulus: star simulator to test all
starlight subsystems

Angle

Tracker

Angle Tracker 

White Light So

Spatial Filter

Laser

Stimulus Injection Mirrors
(Slide in)

Telescopes

Optics
Transport

Metrology

Constant Term

Compressors

Stimulus

Delay
Active

Line

Fore
Switch-
Yard

Dichroic

Hollow Retro Cube
 (Slide-in)

Area = 8.23 m x 5.79 m Dewars

Light Beams

SecondaryPirmary

Angle Tracker

2 micron combiners

1-5 micron camera

10 micron camera

4’

FATCAT

From FDLs + Fore SWYD
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Laser Metrology

• Three types

– Local metrology of delay
lines for servo control

– End-to-end metrology of
optical path for astrometry
and cophasing

– Accelerometer sensing of
common-mode telescope
optics

C/T Beam Launcher 

Stellar Beam
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Beams are common 
mode here.

S-Polarization

P-Polarization

Signal
Constant Term

Dual Star Module

Beam Combiner Table

Fiducial
Cornercube

Fiducial 
Cornercube

Dichroic

Reference
Signal

Quad
Cell
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Angle tracker

• For Outriggers:

– Fast primary star tracking
– Slow secondary star tracking

• For Kecks:

– Track offsets to AO system
• Implementation

– J-band sensing in interferometer

– Tip/Tilt mirror for outrigger
– Feedback to AO system for Keck

Automated  shutter  array

Dichroic (transmission > 1.6 micron)

F/3.5 telescope

PZT focus
control

Primary Beam

Secondary Beam

Dewar 1

Dewar 2

KIIA  ANGLE  TRACKER  LAYOUT
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Cophasing (2 um) combiner

• Provide 5 two-way 2-um
combiners to support

– Cophasing at H&K

– Astrometry primary
– Astrometry secondary

– Single-baseline science
• Use low-noise FPA with fast

readout capability like PTI
Dichroic

OAP

cold OAP

Flat

B2

B1

retro-reflector

Main beamsplitter

Single mode Metrology
fibers to dewar

dewar

Multimode fibers from Movable AOM
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Multi-way science combiner concept

• Pair-wise measurements on up to
15 baseline simultaneously

• Non-redundant cross-dispersed
image-plane combiner

• 1.6-5.0 micron coverage with
InSb array

• 10 um coverage with 10-um
nulling camera

F/20 Telescope

Beam Compressor

Metrology Fiducial

Psuedo NR array

19 cm

6  1-inch
beams from switchyard

Actuated Mirror Mounts

Matched Spatial Filter

1-5 micron
InSb Camera
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10 um Nulling combiner

• Primary instrument for exozodiacal
characterization

• Fast, switchable nulls on two spatial
scales

– Interferometer nuller
» Nulls out central star

– Aperture nuller

» Nulls out zodi + star
• Uses procured 10-um FPA camera
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Phasing System:Keck 1 Phasing System: Keck 2

Aperture Nuller Beam Sampler

10 um Detector

Aperture Nuller Aperture Nuller

Interferometer Nuller
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Real-time control system

• Control distributed system

• Interface to Keck, Outrigger, and AO system
• Approach

– Use Palomar-like multiprocessing system

– Use common core electronics and software being developed by
JPL Realtime Interferometer Control System Testbed

– Develop additional Keck-specific modules and functionality

– Use off-the-shelf components wherever possible

– EPICS to interface with Keck systems
– Good maintainability, documentation, and adherence to software

standards
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Expected Performance (NGS)

On-axis Full Array 4 Outriggers 1 Keck + 4 Outriggers 2 Kecks + 4 Outriggers
Cophasing Limit: 2m / 2m 10m / 2m 2m / 2m 10m / 10m 10m / 2m 2m / 2m

2.2 um 11.0 12.8 N/A 15.0 12.9 N/A

Astrometric 4 Outriggers 1 Keck + 4 Outriggers 2 Kecks + 4 Outriggers
Off-axis Limit: 2m / 2m 2m / 2m 10m / 2m 2m / 2m 10m / 10m 10m / 2m 2m / 2m

1.6 um N/A 19.1 21.2 19.0 23.5 21.0 18.8
2.2 um 17.0 18.2 20.1 18.0 22.1 20.0 17.9
3.5 um N/A 13.5 15.3 13.3 17.1 15.1 13.2
5 um N/A 11.0 12.7 10.8 14.5 12.6 10.7
10 um N/A 7.5 9.2 7.3 10.9 9.1 7.2

SNR=10 for cophasing, K only
SNR=10 per baseline in 1000 sec for imaging
SNR=72 in 3600 sec for astrometry


